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Abstract: There is an increasing concern about fossil energy and products derived from it. The plastic
industry depends on oil, and produced plastics cannot degrade naturally. An alternative to plastics
from oil is the use of bioplastics, which can be degradable. The bibliometric study of the publications
related to bioplastics carried out in this paper shows that research on this topic is growing both in
developed (USA, European Union, and Canada) and in developing countries (China, India, Thailand,
and Malaysia), mostly following the implementation of bioeconomy standards and labels by their
governments. The main authors and the collaborations they have worldwide are also presented here.
The research carried out in this paper is not only devoted to technological aspects but also to economic
aspects and inhabitant ratios. Trends in publications, by country and authors, are analyzed. Finally,
this paper also studies the countries governmental policies and how they impact the bioplastic field.
Keywords: bioplastic; climate change; bibliometric analysis; knowledge mapping; trends; gaps; bioe-
conomy
1. Introduction
Plastics made from fossil-derived synthetic polymers have posed serious problems for
the environment. Current approaches to production, use, and disposal are not sustainable
and present concerns for wildlife and human health. Concerns about use and disposal are
diverse and include the accumulation of waste in landfills and in natural habitats, physical
problems for wildlife resulting from ingestion or entanglement in plastic, the leaching
of chemicals from plastic products, and the potential for plastics to transfer chemicals to
wildlife and humans [1].
Bioplastics may offer benefits relative to fossil-based plastics; the new generation of
plastic products made from renewable feedstock, the ability of biodegradability, composta-
bility, and the evaluation measured by life cycle analysis (LCA) should be all taken into
account to evaluate the contribution to the environmental impacts of bioplastics [2].
Bioplastics are biobased materials, for example, from corn. Bioplastics are biobased,
biodegradable, or both [3]. Biodegradation is a chemical process during which microorgan-
isms that are available in the environment convert materials into natural substances such
as water, carbon dioxide, and compost (artificial additives are not needed). The process of
biodegradation depends on the surrounding environmental conditions (e.g., location or
temperature), on the material, and on the application.
The family of bioplastics is divided into three main groups (Figure 1):
1. Biobased or partly biobased, nonbiodegradable plastics such as biobased polyethylene
(PE), polypropylene (PP), poly (vinyl siloxane) (PVS), or poly (ethylene terephtha-
late) (PET)—so-called drop-ins—and biobased technical performance polymers such
as poly (trimethylene terephthalate) (PTT) or thermoplastic polyester elastomers
(TPC-ET).
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2. Plastics that are both biobased and biodegradable, such as poly (lactic acid) (PLA)
and polyhydroxyalkanoates (PHA) or starch polymers.
3. Plastics that are based on fossil resources and are biodegradable, such as poly (buty-
lene adipate terephthalate) (PBAT), poly (butylene succinate) (PBS), or polycaprolac-
tone (PCL).
Sustainability 2021, 13, x FOR PEER REVIEW 2 of 37 
terephthalate) (PET)—so-called drop-ins—and biobased technical performance 
polymers such as poly (trimethylene terephthalate) (PTT) or thermoplastic polyester 
elastomers (TPC-ET). 
2. Plastics that are both biobased and biodegradable, such as poly (lactic acid) (PLA) 
and polyhydroxyalkanoates (PHA) or starch polymers.  
3. Plastics that are based on fossil resources and are biodegradable, such as poly 
(butylene adipate terephthalate) (PBAT), poly (butylene succinate) (PBS), or 
polycaprolactone (PCL). 
 
Figure 1. Bioplastics classification. Adapted from [3]. PE: polyethylene; PP: polypropylene; PVS: 
poly(vinyl succinate); PET: poly(ethylene terephthalate); PTT: poly(trimethylene terephthalate); 
PLA: poly(lactic acid); PHA: polyhydroxyalkanoates; PBAT: poly(butylene adipate terephthalate); 
PBS: poly(butylene succinate); PCL: polycaprolactone. 
PLA, PHA, and starch blends are biodegradable and biobased materials available on 
the market [2]. PHA is a biodegradable, biocompatible polymer synthesized by a variety 
of bacteria as intracellular granules that serve as a form of energy storage [4]. The 
production of PHA occurs during stress conditions such as depletion of nutrient contents 
such as nitrogen, sulfur, phosphorous, and oxygen and excess of carbon in the medium 
[5]. The common microbes that help in the production of PHA are bacteria such as Bacillus 
cereus, Bacillus megaterium uyuni S29 and Pseudomonas putida Bet 001 [6]. In addition, fungi, 
such as Mucor racemosis and Saccharomyces cerevisiae [7], and some algae, such as 
Chlamydomonas reinhardtii and Spirulina platensis [8] can also be used for PHA production. 
According to research journals, Pseudomonas sps., yeast isolate 1/yeast sps., and Calothrix 
scytonemicola are considered to be the best microorganisms that can produce a high rate of 
PHA [9–12].  
Poly(lactic acid) (PLA) is one of the most commercially successful bioplastics (at least 
among the rigid ones) due to its good processability and mechanical properties. Its 
monomer, lactic acid, is derived from renewable sources, such as starch or sugar, through 
fermentation. Depending on the particular microbe, the lactic acid fermentation process 
can produce rather pure D-lactic acid or L-lactic acid with high optical purity or a mixture 
of them with low optical purity. Many microbes can produce lactic acid, but a competitive 
commercial process requires a robust, fast-growing, low-pH, and high yield strain with 
low-cost nutrient requirements. Typical Lactobacillus fermentation is anaerobic, requiring 
 













plastics from petrol 
e.g.: PE, PP, PET 
 







based on renewable 
raw materials 
e.g.: PLA, PHA 
starch blends 
Figure 1. Bioplastics classification. Adapted from [3]. PE: polyethylene; PP: polypropylene;
PVS: poly(vinyl succinate); PET: poly(ethylene terephthalate); PTT: poly(trimethylene terephthalate);
PLA: poly(lactic acid); PHA: polyhydroxyalkanoates; PBAT: poly(butylene adipate terephthalate);
PBS: poly(butylene succinate); PCL: polycaprolactone.
PLA, PHA, and starch blends are biodegradable and biobased materials available
on the market [2]. PHA is a biodegradable, biocompatible polymer synthesized by a
variety of bacteria as intracellular granules that serve as a form of energy storage [4].
The production of PHA occurs during stress conditions such as depletion of nutrient
contents such as nitrogen, sulfur, phosphorous, and oxygen and excess of carbon in the
medium [5]. The common microbes that help in the production of PHA are bacteria such as
Bacillus cereus, Bacillus megaterium uyuni S29 and Pseudomonas putida Bet 001 [6]. In addition,
fungi, such as Mucor racemosis and Saccharomyces cerevisiae [7], and some algae, such as
Chlamydomonas reinhardtii and Spirulina platensis [8] can also be used for PHA production.
According to research journals, Pseudomonas sps., yeast isolate 1/yeast sps., and Calothrix
scytonemicola are considered to be the best microorganisms that can produce a high rate of
PHA [9–12].
Poly(lactic acid) (PLA) is one of the most commercially successful bioplastics (at least
among the rigid ones) due to its good processability and mechani al properties. Its monomer,
l ctic acid, is derived from renewable s urces, such s starch or sugar, through fermentation.
Depending on the particular mic be, th l ctic acid fermentation proces can prod ce
rather pure D-lactic acid or L-lactic cid with high optical purity or a mixture of them with
low optical purity. Many microbes can produce lactic acid, but a competitive com ercial
process requires a robust, fast-growing, low-pH, and high yield strain with low-cost nutrient
requirements. Typical Lactobacillus fermentation is anaerobic, requiring minimal e ergy
f r operation, with the most significant cost typically co ing from medium components
such as carbohydrate. After fermentation, lactic acid must be recovered from the broth and
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purified to meet its final specifications [13]. Most PLA production processes utilize the more
efficient conversion of lactide (the cyclic dimer of lactic acid) to PLA via the ring-opening
polymerization (ROP) catalyzed by organometal catalysts [14].
Native starches exhibit some limitations mostly related to mechanical integrity, ther-
mal stability, and humidity absorption [15,16]. Because of these limitations, starches are
often blended with other materials to enhance their properties. Blending starches aims to
reduce the production cost, to improve barrier properties and dimensional stability, to de-
crease the hydrophilic character of starch, and increase its biodegradability [17]. In order to
optimize the overall properties of such blends, starches are blended with low molecular
mass plasticizers such as glycerol, glucose, sorbitol, urea, and ethylene glycol [18]. The ad-
dition of plasticizers conduct to thermoplastic starch (TPS) [19], which is characterized by
the spontaneous destructuration of the semicrystalline structure of starch and the formation
of hydrogen bonds between the plasticizer and the starch [20]. Depending on the type of
the plasticizer blended with the starch, the final properties of the TPS differ. In general, plas-
ticizers produce an increase in flexibility, extensibility, and fluidity by reducing the strong
intermolecular chain interactions. Additionally, TPS remains a very hydrophilic material.
Recent advances in starch blending include blending TPS with biodegradable polymers is
one of the most recent advancements mainly in food packaging applications [21].
Extensive evaluations of the degradation of these materials have been conducted to
address environmental problems such as pollution, accumulation in landfills, and aggre-
gation of persistent organic pollutants. Degradation is a process by which polymers are
fragmented into smaller molecules or elements. Note that not all bioplastics are biodegrad-
able. The presence of hydroxyl group makes bioplastics hydrophilic, which expedites
the reaction kinetics for hydrolysis by absorbing water. The degradation process of bio-
plastics depends on the origin of the polymer and its chemical/physical properties (e.g.,
chemical structure, surface area, crystallinity, hydrophobicity/hydrophilicity, molecular
weight). Life cycle analysis (LCA) can be used to determine the environmental impacts
of a material and/or its production process throughout its production, distribution, use,
and disposal [22]. Figure 2 shows a list of the most affecting factors to biodegradability.
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These materials are plastics obtained from renewable sources and/or degrade natu-
rally, some of them in a few years. Moreover, they can be obtained from different resources;
most of them are wastes, so this industry is considered to contribute to circular economy.
To build our economy on a sustainable basis, we need to find a replacement for fossil carbon
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as chemical industry feedstock [23]. Bioplastics, derived from biobased polymers, may
provide a solution. Unlike the chemically synthesized polymers, biobased polymers are
derived partially or completely from biomass (plants). Biomass used for bioplastics stems
from e.g., corn, sugarcane, or cellulose. Some microorganisms are particularly capable in
converting biomass into bioplastics while employing a set of catalytic enzymes [2,24].
The emerging biobased plastics market is still small compared to traditional biobased
polymers and biomaterials. The global capacity of the emerging biobased plastics was
only 0.36 million tons in 2007. However, the market grew strongly between 2003 and
2007 (approximately 40% per year). The technical substitution potential of biobased
plastics replacing petrochemical plastics is estimated at 90%, demonstrating the enormous
potential of biobased plastics [3]. Global capacity of biobased plastics is expected to reach
3.45 million metric tons in 2020 [1]. In the future, global bioplastics production capacity is
set to increase from around 2.11 million tons in 2019 to approximately 2.43 million tons in
2024. Biodegradable plastics, all together, including PLA, PHA, starch blends and others,
account for over 55.5 percent (over 1 million tons) of the global bioplastics production
capacities. The production of biodegradable plastics is expected to increase to 1.33 million
in 2024, especially due to PHA significant growth rates [25].
The framework for action on climate and energy until 2030, adopted by the European
Council in October 2014, contemplates a series of political goals and objectives for the entire
EU during the period 2021–2030. Key targets for 2030 are at least 40% reduction in green-
house gas emissions (compared to 1990), at least 32% renewable energy share, and at least
32.5% improvement in energy efficiency [26]. Working on this frame, there is an increasing
interest to be less dependent from oil, including all its byproducts, such as plastics.
The Organisation for Economic Co-operation and Development (OECD) [27] is report-
ing about a new concept, the biobased economy (bioeconomy). It first emerged as a policy
concept within the OECD at the start of the 21st century. It linked advances in biotechnol-
ogy to innovation and “green growth” via the use of renewable biological resources and
innovative bioprocesses in industrial scale biotechnologies, firstly to produce sustainable
products, jobs and income [28], and secondly to address global challenges such as climate
change. In 2009, the OECD stated that the bioeconomy “can be thought of as a world
where biotechnology contributes to a significant share of economic output” [29], and the
OECD publication Towards Green Growth provided recommendations to help governments
identify policies with the potential to achieve the most efficient shift to greener growth [30].
Bioplastics are becoming a crucial component in the drive to create a fully sustainable
and circular bioeconomy. The EU has been actively supporting the development of these
materials through ambitious and collaborative research that aims for a greater uptake that
will help transform Europe plastics industry over the coming years [31].
Bioeconomy strategy is part of the Europe 2020 Flagship Initiatives Innovation Union
and A Resource Efficient Europe [32]. The Resource-efficient Europe Flagship [33] is part
of the Europe 2020 Strategy, and it supports the shift toward sustainable growth via a
resource-efficient, low-carbon economy.
The Roadmap to a Resource Efficient Europe is one of the main building blocks of the
resource efficiency flagship initiative. The roadmap sets out a framework for the design and
implementation of future actions. It also outlines the structural and technological changes
needed by 2050, including milestones to be reached by 2020. The roadmap recommends
an integrated approach across many policy areas, and the instruments employed are to
include: legislation, market-based instruments, refocusing of funding instruments and
promotion of sustainable production and consumption [34].
Today, bioplastics are an alternative for different sectors, such as packaging, beverages,
water, insulation materials, and many more [35]. Over a third of consumption is in
packaging applications (with common products including containers and plastic bags)
and another third or more in building products including common products such as
plastic pipes or vinyl cladding. In developing countries, usage patterns may differs lightly;
for instance, in India, 42 percent of resin consumption was reported to be in the packaging
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sector [36]. Automotive applications and toy/furniture manufacturing use smaller but
significant volumes of plastics. Use of plastics in the developing world is increasing as the
lower unit cost and improvements in performance specifications continually promote its
substitution for materials such as paper, metals, wood, and glass [25].
The aim of this paper is to evaluate how bioplastics are studied worldwide, finding
if there is a penetration of this concept in the research of countries all over the world,
and finding a connection between economic needs and governmental policies.
2. Methodology and Data Sources
Wuni [37] stated that WoS and Scopus databases can be used to extract bibliometric
data, but the content in the same search or query tend to differ. Moreover, Cabeza et al. [38]
showed that Scopus contains more publications in the area of technology. Therefore,
this paper uses Scopus for the bibliometric study.
The query used in this study included the string with the key message of the
paper: “bioplastic”.
Then, all references were downloaded from Scopus, as well as the statistics for the
bibliometric analysis. Finally, the software VOSviewer [39] was used to analyze relations
between countries and keywords.
The study was done with different geographic coverage. First, all publications world-
wide were considered. Then, all countries from EU were considered together to compare
this territory to others, such as the USA or China. After sorting first 10 countries investigat-
ing bioplastics, several countries from Europe were also considered individually (Germany,
Spain, and Italy). In Asia: China, India, Thailand, Malaysia, and Japan were assessed.
The selection of countries was carried out to have representation from developed and
developing countries, checking the 10 countries with more documents published.
The world population was obtained from United Nations, Department of Economic
and Social Affairs [40], and the number of researchers from United Nations Science Re-
port [41]. The Gross Domestic Product (GDP) was obtained from the International Mone-
tary Fund.
The bioplastics policies from all the governments of selected countries have been
studied from several sources.
3. National Policies on Bioplastics and Bioeconomy
We analyze the bioeconomical governmental policies of the 10 countries with more
bioplastic related publications, as analyzed in Figure 4. We include Canada, as it is the 11th
country in terms of bioplastic publications.
3.1. China
In China, political interest in the bioeconomy relates strongly to the promotion of
biotechnology development. Appropriate policies have already been promoted since the
1980s and have made a major contribution to helping China become one of the leading
biotechnology players worldwide [42].
China environmental policy has been updated in the last twenty years. China has
formulated new environmental laws, which include the Cleaner Production Promotion Law
(in 2002) [43], the Environmental Information Disclosure Decree (in 2008) [44], the Law on
Promoting Circular Economy (in 2009), and the new environmental policy instruments such
as voluntary agreements and emission trading. All those laws show that China policy
follows OECD laws. The 16th Congress of the Communist party in China (2002) [45]
created a sustainable development plan. In this congress, China adopted circular economy
ideas, developing laws to several sustainable initiatives started in previous decades. China
adopted the circular economy due to the environmental damage and resource depletion
that was occurring from going through its industrialization process. Biotechnology devel-
opment was a prominent topic in the 11th and the 12th Five-Year Plan for Economic and Social
Development (FYP) and the related subplans [46].
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In January 2006, China initiated a 15-year Medium- to Long-Term Plan (MLP) for the
Development of Science and Technology. The MLP calls for China to become an “innovation-
oriented society” by the year 2020 and a world leader in science and technology (S&T)
by 2050. According to the MLP, China will invest 2.5% of its increasing gross domestic
product in R&D by 2020, up from 1.34% in 2005; raise the contributions to economic growth
from technological advance to more than 60%; and limit its dependence on imported
technology to no more than 30%. The plan also calls for China to become one of the top
five countries in the world in the number of invention patents granted to Chinese citizens,
and for Chinese-authored scientific papers to become among the world’s most cited [47].
As expected that the MLP would have an impact on the trajectory of Chinese development,
China’s growth started after the creation of this plan.
3.2. United States
To reduce nation reliance on petroleum, the United States Department of Agriculture
(USDA) BioPreferred program was created by the Farm Security and Rural Investment Act
of 2002 (FSRIA) and reauthorized by the Food, Conservation, and Energy Act of 2008
(frequently referred to as the 2008 Farm Bill) to increase the purchase and use of biobased
products and spur economic development, increasing the use of renewable resources [48].
Later in 2012, Obama administration announced The National Bioeconomy Blueprint [49],
aimed at fostering all biology-based businesses, including pharmaceuticals and medical
devices. Growth in documents published started in 2004, two years after the BioPreferred
program, and it continued with the different policies implemented.
3.3. Germany
In 2006, the German Ministry of Education and Research created the Clusters BioIndus-
trie 2021 competition, with a budget of 60 million. The aim was the formation of strategic
clusters, which were supposed to bundle competencies of companies, academies, and ac-
tors in the financial sector within a certain subject area of industrial biotechnology. In 2009,
Germany established the Bioeconomy Research and Technology Council, which is the BMBF
(German Ministry of Education and Research) in conjunction with the BMELV (German
Ministry of Food, Agriculture, and Consumer Protection). It is an independent advisory
board to the government for all matters regarding the bioeconomy. It consists of experts
from academia, private sector research, and federal government departmental research.
The role of the bioeconomy council is to contribute to enabling a leading position for
Germany in the future, and it has published a number of recommendations [50,51] for
actions and the national strategy, itself, is based on its recommendations. The German
strategy entitled National Research Strategy Bioeconomy 2030: Our Route towards a Biobased
Economy [52] was published in 2011, before the official EU strategy. One of the focuses
is to skip limits in fossil and mineral supplies means, searching for renewable raw ma-
terials for industrial and material-energy use, such as bioplastics. Figure 5 shows that
Germany growth starts in 2010, six years after first cluster proposal, and it continued in
2016, five years after the National Research Strategy Bioeconomy 2030 publication.
3.4. Japan
After the ratification by the Japanese Government of the Kyoto Protocol in June 2002,
the Government announced (December 2002) two measures: the Biotechnology Strategic
Scheme and the Biomass Nippon Strategy [53]. The main objective of the two measures was to
promote the utilization of biomass and to reduce the consumption of fossil resources and
to mitigate global warming through the use of biotechnology. The policy objective stated
in the Biotechnology Strategic Scheme was to replace approximately 20% (2.5 to 3 million tons
per year) of conventional plastics (based on petrochemical raw material) with plastics from
renewable resources by 2020. The Biomass Nippon Strategy was revised in March 2006 to
accelerate the growth of biomass towns and to promote the utilization of biofuels.
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The Biomass Nippon Strategy has prompted companies such as Toyota and NEC (Nip-
pon Denki Kabushiki-gaisha) to accelerate their levels of research and development into
biobased plastics and to raise the biobased content of their products. Japanese vehicle man-
ufacturer Toyota is planning to switch 20% of the plastics used in its vehicles to biosourced
plastics by 2015 and expects bioplastics to help in its efforts to accomplish its company-wide
goal of reductions in CO2 emissions [54]. To help to develop the market for bioplastics,
the Japan BioPlastics Association (JBPA) started a certification program for products con-
taining biomass-based plastic content. The association has established standards as well as
a methodology for the analysis and the evaluation of these plastics. The program includes
a logo easily recognizable by consumers. The JBPA certification, called BiomassPla, specifies
that products with the logo must contain 25% biobased plastic by weight. So far, JBPA
has certified about 900 biodegradable plastic products in Japan. The system is based on a
positive list system for all components, biodegradability specifications based in Japanese
Industrial Standards, safety certification of all components and proof of no hazardous
effects to soil [55].
Every five years, a new Science and Technology Basic Plan is drawn up in Japan to
support the promotion of science and technology. The 4th Science and Technology Basic Plan
(2011–2015) set out the current priorities. At a budgetary level, it set a target of 4% of
GDP dedicated toward expenditure on research and development by 2020. Of this, 3%
was to be by industry and 1% by government. The total government expenditure over the
duration of the plan was to be around EUR 240 billion, assuming nominal growth of 2.8%.
The 4th plan positioned green innovation for environment and energy as one of the two
major pillars of growth (the second being life innovation, to effect milestone advances in
medicine, health and caregiving). The government would promote green innovation with
the aim of addressing climate change issues that Japan and the world are facing and would
realize the world’s most advanced low-carbon society through the Council for Science and
Technology Policy [56]. Japanese growth started in 2011, five years after first revision of the
Biomass Nippon Strategy.
3.5. Spain
There are several organisms to promote bioplastics in Spain. The Spanish Technological
Biomass Platform (BIOPLAT) was launched in 2007 with support from the former Ministry of
Science and Innovation and the Ministry of Economy and Competitiveness. Its objective is
to provide a framework in which all sectors involved in biomass can work together and in
a coordinated way to achieve the successful commercial establishment of biomass-related
initiatives in Spain, with steady and continuous growth in a competitive, sustainable and
properly regulated manner.
The Spanish Sustainability Observatory (OSE) is an independent organization created in
2005 in collaboration with the Ministry of Agriculture, Food and Environment; the Biodi-
versity Foundation; and the General Foundation of the University of Alcalá. It has many
indicators regarding socioeconomic and development, ecoefficiency and development of
agriculture and fishing, industrial sector, and homes [57].
The Platform of Biotechnological Markets is a biotechnology platform set up by ASEBIO
(The Spanish Association of Bio-Companies), with support from the former Ministry of
Science and Innovation and the Ministry of Economy and Competitiveness. It was launched
in 2010 with the objective of setting up stable, efficient, and multilateral communication
channels between the different stakeholders of the science–technology–company system to
foster biotechnology innovation, technology transfer, and translation to society. The science–
technology–company system has innovating elements for financing, defining, and solving
regulatory issues to turn them into a real opportunity for the biotechnology business sector.
In April 2015, the Ministry launched the National Food and Agriculture and Forestry
Innovation and Research Program. Public funding comes from the Spanish government and
from the EU Horizon 2020 research program. The budget is around EUR 200 million a year,
and just less than EUR 1.1 billion is earmarked for the strategy by 2020. The program is
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being used as a monitoring body to ensure the implementation of the strategy, a Spanish
Bioeconomy Observatory [58]. As seen in Figure 5, growth in Spain started in 2011,
four years after the BIOPLAT initiative.
3.6. India
The Department of Biotechnology (DBT), Government of India, announced the First
National Biotechnology Development Strategy in September 2007. The implementation of
Biotech Strategy 2007 provided an insight into the enormous opportunities. It was felt
opportune to take a critical look at the Indian biotech sector, as it will likely unfold over
the next 5–6 years.
In year 2015, DBT announced The National Biotechnology Development Strategy-2015–2020,
which was framed after a wider consultation with stakeholders. It would seamlessly build
on the earlier Strategy to accelerate the pace of growth of biotechnology sector at par with
global requirements [59].
The Major initiatives of the National Biotechnology Development Strategy 2015–2020 are:
• To launch four major missions in healthcare, food and nutrition, clean energy,
and education.
• To create a technology development and translation network across India with global
partnership, including 5 new clusters, 40 biotech incubators, 150 Technology Transfer
Offices (TTOs), and 20 bioconnect centers.
• To ensure strategic and focused investment in building the human capital by setting
up a Life Sciences and Biotechnology Education Council.
The National Biotechnology Development Strategy works around value-added biomass
and products from natural resources, developing biomaterials and bioplastics among
others [60]. Growth in India started in 2016 and continued in 2018, just after this National
Strategy in 2015.
3.7. Malaysia
Since the 1990s, Malaysia aspired to make biotechnology and bioeconomy as its
engines of economic growth to use the abundance of natural resources and biodiversity.
The public sector plays an integral role in developing the sector, and various incentives
are in place for the private sector to be actively involved and to forge collaboration with
the public sector. The country launched its National Biotechnology Policy in 2005 and later
launched its National Bioeconomy Programme (NBP) [61] in 2010 to become the first country
in South East Asia and second in Asia after China to have such an initiative [62]. The main
aim of NBP is to develop biotechnology sector into one of the key economic drivers for the
nation, contributing 5% of the nation GDP by 2020.
The Bioeconomy Transformation Program (BTP) is in line with the government objective
to develop Malaysia into a high-income nation by the year 2020. The BTP aims to achieve
this by focusing on biobased industries in Malaysia, a sector that has been identified
as having enormous potential to further develop the nation due to the abundance of
natural resources available, through effective execution strategies from the government
and BiotechCorp [63]. In Figure 5, we can see Malaysia increases the documents in 2012,
two years after the National plan, but it is in 2018 when it reaches the maximum documents
per year.
3.8. Italy
Networks in the Italian bioplastics industry are dense and highly inclusive although
composed mainly of firms [64]. The only Italian governmental policy regarding bioplastics
is banning the distribution of traditional plastic carrier bags, allowing only the commercial-
ization of biodegradable single-use and long-life reusable bags, according to DL152/2006,
Financial Law 2007, and New law 28, 24/3/2012.
In May 2012, the Italian Ministry of Education, Universities and Research launched
a call for implementing clusters focused on top innovative sectors for the country, one of
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them being green chemistry. The cluster, The Italian Technology Cluster of “Green Chemistry”
(SPRING), Sustainable Processes and Resources for Innovation and National Growth, currently has
117 members (public and private), including the Italian Federation of Chemical Industries.
It has about EUR 50 million of public and private funds addressing the finance of parallel;
complementary three-year R&D projects; and training projects for masters students, PhD
students, and young scientists in the area of green and sustainable chemistry, biomaterials,
and industrial biotechnology. Furthermore, it will have the responsibility to develop the
strategic R&D agenda and the implementation action plan on a biobased economy for
Italy. In 2019, SPRING developed and presented to the Italian Ministry of University and
Research a triennial Action Plan where four development roadmaps and related practical
action [65]. Following this strategy, we can see it was in 2012 when Italy increased the
documents published and, in 2017, increased to more than 10 per year.
3.9. Indonesia
In Indonesia, bioeconomy development is politically fostered mainly in two areas:
bioenergy and agroindustry. With the Grand Strategy of Agricultural Development 2015–2045,
the government formulated its first long-term agricultural and rural development plan.
The Indonesian Ministry of Agriculture has led the formulation of the Grand Strategy,
and the Directorate General of New Renewable Energy and Energy Conservation in the Ministry
of Energy and Mineral Resources is responsible for bioenergy development [66].
Bioenergy development is considered important for contributing to Indonesia energy
autonomy, to economic growth, ecological sustainability, and improved health in rural
areas. The agricultural strategy seeks to ensure food security, mitigate climate change,
and conserve valuable national resources while contributing to economic growth and
inclusive development. Primary agricultural production is still the largest employer in the
country (about 30 percent of the workforce). With a view to a biobased economy, the plan
formulates the vision to transition to “a sustainable agricultural bioindustry system to
produce diversified healthy foods and high value-added products from tropical agriculture
and maritime resources for food sovereignty and farmers’ welfare”. The foundation for
a sustainable agricultural bioindustry should be laid in the period 2013–2015 and further
strengthened by 2019 [67]. Published documents growth stared in 2017, two years after the
Grand Strategy of Agricultural Development.
3.10. Thailand
Thailand is a biomass-rich country with abundant feedstock resources and more than
4.000 companies in the plastics industry. Since 2006, the Thai Government has declared the
bioplastics industry to be one of the strategic industries that the government is promoting in
its drive toward sustainable growth and development. This resulted in 2008 in the National
Roadmap for the Development of Bioplastics Industry, developed by the National Innovation
Agency (Ministry of Science and Technology). Strategies covered the entire value chain of
the bioplastics industry. The roadmap provided targets, indicators, and action plans and
designated sectors and organizations for implementation. The total budget for the roadmap
strategies at that time was USD 60 million. It is expected that development of the local
bioplastics industry will take place in accordance with the National Roadmap [68]. It was
after the National Roadmap that the first document was published, in 2008, and growth
started in 2013, with eight publications.
3.11. Canada
Canada does not have an overarching bioeconomy strategy, but it has a series of
diverse, and often competing, policy visions and frameworks [69]. Both Beyond Moose and
Mountains [70], and Plastic’s Challenge are initiatives from the Canadian administration
to promote the bioeconomy. The Canadian Blueprint: Beyond Moose and Mountains was
published in 2008 with the statement, “How we can build the world’s leading biobased
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economy”. It is not a governmental document, as it is published by BioteCanada, an associ-
ation representing the biotechnology sector in Canada [69].
In July 2011, a Bioeconomy Committee was formed in British Columbia (BC), Canada.
The Committee concluded that there is an urgent need for the government to take a leading
role in the further development of British Columbia’s bioeconomy [71]. Canada, have large
forest areas, which is an important factor for developing a bioeconomy, and they also have
research and innovation in the field of biorefining and biobased industries [72].
In 2011, British Columbia (BC) formed a bioeconomy committee under the direction of
the Minister of Jobs, Tourism, and Innovation. The role of the committee was to investigate
the opportunities for the province in the emerging bioeconomy and also the possibilities
for BC to speed up the growth of the BE in the province and has, as an outcome, published
a bioeconomy strategy for BC [73]. The committee focuses on the economic value of
biological systems. Having significant forest resources, BC views the increased use of
biomass for energy and material as opportunities and has also earlier taken an active role
in the work to decrease the dependence on fossil resources when, in 2008, a bioenergy
strategy for the province was published. Canada’s growth started in 2013, two years after
the bioeconomy committee, with seven documents published.
4. Results
4.1. Global Bibliometric Analysis
The query used returned 1346 documents, which were the references used in this paper.
The co-occurrence threshold was set at five. The study was performed considering no time
limitation; therefore, the results show the publications in this topic until January 2020 (2020
was not included to have full years).
Figure 3 shows that around 70% publications on the topic are articles, 15% are confer-
ence papers, 10% are split between reviews and book chapters, and the rest is anecdotic.
The same distribution is followed also individually by all countries included in the study,
with some exceptions commented upon in the paper.
Figure 3b highlights that Indonesia has a big number of publications as conference
papers, 75% of the total. This percentage is much bigger than the rest of countries. The
second one is Thailand with 15% of conference papers; meanwhile, Italy and China have
both the lowest ratio, with 2%.
The quantity of publications is an important indicator that reveals development trends
of scientific research. The country with more documents published is the USA, followed by
Spain. In Figure 4, the first 20 countries are listed.
Figure 5a presents the general trend in number of publications referred to bioplastics.
Figure 5a shows that interest on bioplastic started to increase in the year 2000. Since then,
the tendency has been exponentially increasing. This growing interest can be linked to
fossil dependence concerns and climatic change policies. The biobased economy (bioe-
conomy) first emerged as a policy concept within the OECD at the beginning of the 21st
century. It linked advances in biotechnology to innovation and “green growth” via the use
of renewable biological resources and innovative bioprocesses in industrial scale biotech-
nologies, firstly to produce sustainable products, jobs, and income [28], and secondly to
address global challenges such as climate change.
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Figure 5. Trends in number of documents per year, (a) global and (b) for the 10 countries with the
most publications.
Figure 5b shows that the USA was the first country to publish and also the first to
increase the number of publications, followed later by Spain, Germany, and Japan. Since the
year 2000, other countries also show an important growth in the number of documents in
the topic of study, bioplastics.
Figure 6 shows an analysis of the scientific production related to illion inhabitants
and thousand researchers. Analyzing the two countries with more publications on the
topic, the USA and Spain, the Spanish coefficient is higher when compared with million
inhabitants. The Japanese case is interesting, because it has a very high co fficient in
terms of researche s but not in p blica ions. Spain is very productive, because it has the
higher coefficient rela ed to documents published but not in the number of researchers per
million inhabitants.
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Table 1 shows the data of first 10 countries, considering the nu ber of habitants, and
a resu e of paper density and GDP.
Table 1. Articles density per country.
Country MillionInhabit nts Articles
Docs/




United States 327. 5 251 0.767 ,844.31 4.42 398.4
Spain 46.93 103 2.195 36,311.32 2.84 2626.00
India 1352.62 84 0.062 7314.57 11.48 15.99
Japan 126.53 84 0.664 39,763.14 2.11 5194.80
Indonesia 264.16 83 0.314 12,220.82 6.79 216.00
Italy 60.36 83 1.375 35,331.75 2.35 2245.00
Germany 83.02 75 0.903 46,765.48 1.60 4355.40
Thailand 67.79 71 1. 47 ,778.8 3.99 1350.0
China 1395. 8 62 0.044 17,027.48 3.64 1071.1
Malaysia 32.39 60 1.853 28,705.92 2.09 2397.00
The case of Spain is interesting, with the density of articles per million habitants being
2.195, the highest one, followed by Malaysia with 1.853. But when the articles per GDP
are analyzed, India has the highest ratio, followed by Indonesia and Thailand. It is those
developing countries (Indonesia, Thailand, and India) that have bigger growth in last years.
When analyzing the institutions where the authors of the documents found are associ-
ated, 160 different institutions are found to have contributed to this research field. Figure 7
shows the 10 institutions with the most publications on bioplastics. University of Seville
from Spain and Michigan State University from the United States are the leaders of this
field. These two countries are also the only ones that have more than one center (specifi-
cally, two) in the list of top institutions and the two countries with the most publications
(Figure 4).
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Figure 8 shows the relationship between countries’ publications, obtained with the
software VOSviewer. Focusing on individual countries, the United States is the country
with the most publications, as seen in Figure 4. It is also one of the first countries that
started to publish on the topic of bioplastics (Figure 5), and it does so together with Canada,
Belgium, and Netherlands. It is interesting to see that the United States appears in the
center of the network, with strong connections with Spain, Italy, and Japan, among others.
In Figure 8a, the countries from the European Union are together compared with
the rest of the world. In the center of the network one can see the EU with a very strong
connection with the United States. Moreover, connections of the EU with United Kingdom,
Brazil, Mexico, Argentina, and Canada can be found. Once all the countries from the EU are
accounted for, this territory is the one with the most publications, but the oldest publications
are still from the United States and Canada. This figure also shows strong connections
between the EU and Japan or Canada. On the other hand, China and India have started
more recently to publish research in this field, but, as seen in Figure 5, their contribution
is growing very fast. India is the country with the third-most number of publications,
and China is the ninth country in the world in terms of bioplastic publications. Additionally
interesting are Indonesia and Malaysia. Those countries have just started to publish,
but they are already the 5th and 10th in the world in number of documents.
Figure 8c shows the European Union countries co-occurrence map. The network
shows Spain in the center, with strong connections with Germany, Italy, France, and Swe-
den. As seen before, Spain is the country with the most publications, followed by Italy and
Germany. These are the only countries from the EU to appear in the top 10 list (Figure 4).
But it is interesting to see that Belgium, Netherlands, and France were the first to investigate
on this topic and to see some of the newest members, including Romania, Slovenia, and Es-
to ia, to appear, though with only a few contributions. Greece has only ne publication
so far.
The analysis of authors with more contributio s in this area (Table 2) shows that M.
Misra from the University of Guelph, Canada, is the author with the most public ti s.
A colleague fr m same university, A.K Mohanty, is listed as the second one. As Canada is
the 11th country in number of documents, these two authors have very big relevance in
this field in their country: they have published 5% of all documents related to bioplastics.
M. Misra has published 516 documents, 468 of which were co-authored with A.K. Mohanty.
From these 468 documents, 316 are articles and 112 conference papers. They mainly investi-
gate in material science (349), chemical engineering (177), chemistry (175), and engineering
(126). The most cited documents from M. Misra and A.K. Mohanty are “Sustainable Bio-
Composites from Renewable Resources” [74] (1474 citations) and “Perspective on Polylactic
Acid (PLA) based sustainable Materials for durable applications” [75] (260 citations).
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Table 2. Authors with more publications in the bioplastics field.
Author Name Number Country Institution
Misra, M. 39 Canada University of Guelph
Mohanty, A.K. 33 Canada University of Guelph
Guerrero, A. 30 Spain University of Seville
Accinelli, C. 18 Italy Università di Bologna
Romero, A. 18 Spain University of Seville
Bengoechea, C. 16 Spain University of Seville
Drzal, L.T. 16 United States Michigan State University
Grewell, D. 14 United States North Dakota State University
Partal, P. 14 Spain University of Huelva
Martínez, I. 13 Spain University of Huelva
The institution with the second-most documents is University of Seville (Spain),
with A. Guerrero with 30 publications. He has published 148 documents, 73 of them with
A. Romero, and 39 with C. Bengoechea. The most cited articles written by these three au-
thors are “Rheology and processing of gluten based bioplastics” [76], with 69 citations,
and “Egg white-based bioplastics developed by thermomechanical processing” [77], with
66 citations.
C. Accinelli, from the University of Bologna (Italy), has published 18 bioplastic docu-
ments, with a total of 98 co-authored documents, 19 with A. Vicari, 15 with H. K. Abbas,
and 13 with W. T. Shier. The most cited article is “Deterioration of bioplastic carrier
bags” [78], and the second one is “Removal of oseltamivir (Tamiflu) and other selected
pharmaceuticals from wastewater using a granular bioplastic formulation entrapping
propagules of Phanerochaete chrysosporium” [79].
The main author from University of Huelva (Spain) is P. Partal, who has published
114 documents, 17 of which are co-authored with I. Martínez. P. Partal’s main co-author
partner is C. Gallegos, with affiliations at University of Seville, University of Huelva,
and currently Fresenius Kabi AG from Hessen Germany.
Figure 9 presents the co-authorship map showing different clusters without connec-
tions; each cluster is mainly formed by authors from the same country. There are no
investigations carried out by different universities together, except in Spain. The University
of Huelva and the University of Seville, and Mr. L.T. Drzal, from Michigan State University,
have connections with University of Guelph, as they are grouped together (Figure 10).
Figure 11 analyzes where the authors published the documents found. Journals on the
topic of polymers are in the first and the third position. Journal of Applied Polymer Science is
the first source title, with 39 publications. The most cited article (187 times) is “Influence
of Glycerol and Water Content on the Structure and Properties of extruded starch plastic
sheets during aging” [80]. Journal of Polymers and the Environment is the third source, with
28 documents. The most cited publication in this journal is “Sustainable Bio-Composites
from renewable resources: Opportunities and challenges in the green materials world” [74].
In second and fourth place, proceedings of conferences such as IOP Conference Se-
ries: Materials Science (33 documents) and Engineering and AIP Conference Proceedings
(23 documents) are found. The most cited article from IOP Conference Series: Materials
Science (9 citations) is “Water absorption and its effect on the tensile properties of tapioca
starch/polyvinyl alcohol bioplastics” [81]. The most cited from AIP Conference Proceedings
is “Thermal and mechanical properties of bioplastic poly(lactic acid) compounded with
silicone rubber and talc” (4 citations) [82].
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4.2. Keywords Analysis
Figure 12 is the co-occurrence map of the query of worldwide publications. The biblio-
metric analysis shows that there were 849 items involved in this research. One of the first
items to highlight is the difference between bioplastic and plastic and all the terms related
to manufacturing, characterizing assessment, etc., of both materials. The co-occurrence was
set at five, and the co-keyword network clearly illustrated six distinct clusters. Appropriate
labels of the six main clusters could be allocated to each of them by analyzing their main
node circles.
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The main cluster (in red, Figure 13) relates “bioplastic” with terms such as “rein-
forced plastic” [83], “tensile strength” [84], “mechanical properties“ [85], and “injection
molding” [86] and to all terms related to physical and processing properties. Moreover,
“biodegradable polymers” [87] is found in this cluster, being this a very important char-
acteristic of a bioplastic. “Bioplastic” and “reinforced plastic” are the terms with more
weight and have a strong relatedness. These two terms have also links with the other
clusters, with terms such as “polyhydroxyalkanate”, “polymer” [88], “biomass”, “life cycle
assessment” [89], or “waste water” [90].
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and biodegradable terms, components to produce bioplastic (“starch” [93], “cellulose” 
[94], “lignin” [95], “chitosan” [96]), and “plasticizers” [97]. All these terms can be related 
to the topic “bioplastic characterization”. 
 
Figure 13. Main cluster of worldwide occurrence at abstract and title level, “bioplastic 
characterization”. 
A second cluster (in green, Figure 14) relates the type of bioplastic material 
“polyhydroxykalkanoate”, with other terms such as “metabolism” [98], “bacteria” [91], 
“glucose” [99], and ”biosynthesis” [100]. All those terms are related to how to obtain this 
bioplastic. In addition “polyester”, a traditional plastic that is substituted by this 
bioplastic, can be found in this cluster, probably because it is used as reference material in 
the research related to the new plastic type. All terms of this cluster refer to “bacterial 
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Figure 13. Main cluster of worldwide occurrence at abstract and title level, “bioplastic characterization”.
Different areas can be found in this cluster. One is referring to “mechanical prop-
erties”, with terms such as “tensile strength” or “impact strength”. Others refer to “bio-
plastics” and “biodegradability”; another to “processability”, “extrusion molding” [91],
“injection molding” [86], or “compression molding” [92]; and a third to “bioplastic” and
biodegradable terms, components to produce bioplastic (“starch” [93], “cellulose” [94],
“lignin” [95], “chitosan” [96]), and “plasticizers” [97]. All these terms can be related to the
topic “bioplastic characterization”.
A second cluster (in green, Figure 14) relates the type of bioplastic material “poly-
hydroxykalkanoate”, with other terms such as “metabolism” [98], “bacteria” [91], “glu-
cose” [99], and ”biosynthesis” [100]. All those terms are related to how to obtain this
bioplastic. In addition “polyester”, a traditional plastic that is substituted by this bioplastic,
can be found in this cluster, probably because it is used as reference material in the research
related to the new plastic type. All terms of this cluster refer to “bacterial bioplastic”.
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In the center of the third cluster (in blue, Figure 15), “biopolymer” connected with
“biodegradation” [101]; furthermore, connections with the conventional (from petrochemi-
cal raw material) material “plastic” can be found. These are connected with other terms
suc as “biodegradation”, “recycling [102], “waste management” [103], or “life cycle
assessment”. From the keywords “plastic” and “biopolymer”, this cluster is connected to
cluster 1 (red) and cluster 2 (gree ). A l terms are r lated to “plastic biod gra ati n”.
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The fourth cluster (Figure 16), in yellow, has the keywords “biomass”, “fermenta-
tion” [104], “microbiology” [105], “bacterium” [106], and “lactic acid” [107], among others.
This cluster is connected mainly with clusters 1 and 2, but also has some connections with
“plastic” or “biopolymer” from cluster 3. All terms are related to “biomass fermentation”.
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Figure 16. Fourth cluster of worldwide occurrence at abstract and title level.
Cluster 5 (Figure 17), in purple, has the term “chemistry” in its center. It includes
keywords related to properties and chemical analysis terms, such as “temperature” [108],
“melting point”, or “infrared spectroscopy” [109]. This cluster also groups “biomaterial”,
“materials testing”, or “biodegradable plastic”. Through “chemistry”, this cluster has very
strong connections with clusters 1, 2, 3, and 4. All terms can be grouped around the co cept
“biomaterial prop rties”.
The last cluster (Figure 18), in turquoise, contains “fungus”, “maize”, “zea mays” [110],
“seed”, or “soil”. It is the smallest cluster with fewer connections to others. Those are
terms related to components to obtain bioplastic, such as Zea mays. Corn (Zea mayz L.) has
become one of the most consumed cereals in the world, with multiple applications for both
nutritional and industrial purposes. It is used for the production of starch, since the grain is
made up of approximately 70 to 75% of it, hence the reason to be used in the manufacture of
plastics as a substitute for oil and its derivatives, which are nonrenewable resources [111].
In an investigation where corn starch bioplastic was made, it was shown that they can
compete with plastics made from oil, because they have appropriate qualitative and
physical characteristics, as well as a short degradation time of approximately 90 days [112].
It also links with terms such as “biofermentation”, “bioreactor” [113], “microbial”, or “batch
fermentation”. All those terms related to “bioplastic production”.
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Figure 18. Sixth cluster of worldwide occurrence at abstract and title level.
Figure 19 is the co-occurrence for the United States. It shows four clusters, instead of
six, analyzing it with number of co-occurrences to five (we will use this number with all
the countries). The first cluster, in red, includes “mechanical properties”, “tensile strength”,
or “reinforced plastic”, all terms related with mechanical properties. Cluster 2, in green,
presents “metabolism”, “genetics” [98], “chemistry”, or “Escherichia coli” [114]. A third
cluster, in blue, includes the terms “bioplastic”, “polyhydroxyalkanoate”, or “life cycle
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assessment”. The last cluster, in yellow color, includes terms such as “polymer” and
“plastic” and how they can be obtained, “fungus”, “maize”, or “time factors”.Sustainability 2021, 13, x FOR PEER REVIEW 24 of 37 
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Analyzing Spain (Figure 20), six clusters are found. The main cluster, in red color,
shows the term “bi plastic” as the most weighted term, related to “plastic”, “polymer”,
“polyhydroxyalkanoate”, “biopolymer”, and “biom s”. In this cluster, al main terms for
bi lastic are groupe .
In a second clust r, in purpl c lo , “reinforced plastic” is the pri cipal term, and “p o-
tein” is the sec nd one. Biodegradable and packaging terms can be found here. It is inter-
esting to find “injection molding” and “elastic modulus”, while “mechanical properties”
and “molding” are in another cluster. The third cluster includes terms with “mechanical
properties”, and the fourth is about “rheology” [76]. In the fifth one, there are terms about
“chemistry” and “biodegradation”, and the last one is about “biodegradation”.
In the India network map (Figure 21), three clusters are found. In the main cluster (red
color), the term “polyhydroxyalkanoate” is the most weighted. Terms around this bacterial
plastic, such as “biodegradation” or “biosynthesis”, are found, but conventional terms,
such as “polymer” or “polyester” [115], are also included here. In the second cluster (green
color), “bioplastic” is the main term. “Tensile strength” is also in this cluster, together with
other terms with such as “tensile strength” or “cellulose”. In the third cluster (blue color),
“chemistry”, “bioreactor”, or “biomass” are included.
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In the Japan network map (Figure 22), five clusters, with a total of 57 keywords, are
found. In the red cluster, “metabolism” and “genetics” are the main terms. It is in this
Sustainability 2021, 13, 7848 25 of 36
cluster where “polyhydroxyalkanoate” can be found. In the green cluster, “bioplastic” is
the main term. In this cluster are also mechanical references, such as “reinforced plastic”,
“tensile strength”, or “heat resistance”. In the blue cluster, bacterial plastic terms, substitutes
for polyester, are listed: “bacteria”, “polyester”, “glucose” [99], or “bacterial growth”. In the
yellow cluster, “lactic acid and fermentation” is the most weighted keyword. Related terms,
such as “microbiology”, “biodegradation”, or “methane” are found. Finally, in the purple
cluster, “chemistry” and “biomass” can be found.
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In the Indonesia network map (Figure 23), four clusters, with a total of 37 keywords,
are included. In the main cluster (red), “tensile strength” and “starch” can be found. It is
this first country where “starch” can be found as a weighted word. It is also the first time
that the mechanical properties are separated, with higher relatedness with plastics. In the
green cluster, “bioplastic”, “biodegradable polymers”, and “mechanical properties” are
included. In the third cluster (blue), “reinforced plastic” and “plasticizer”, “glycerol” [80],
or “elongation” can be seen. In the last cluster (yellow), “chitosan” [96] is found as the
most weighted for the first time, and “fruits” and “elastomers” are included.
In the Italy network map (Figure 24), three clusters are found, with a total of 54 key-
words with five minimum occurrences from 1209 keywords. The main cluster (red color)
shows “reinforced plastic” as the main term, and “chemistry”, “biopolymer”, “polymer”
and “carbon dioxide” are also included. In the second cluster (green color), “bioplastic” is
the most weighted, with “biodegradation”, life cycle assessment”, “recycling”, and “envi-
ronment impact” also included. In the third cluster (blue color), “fungus”, “zea mays” and
“maize” are found.
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In the Germany network map (Figure 25), the keywords are grouped in three clus-
ters, with a total of 38 keywords with five minimum occurrences fro 1203 keywords.
In the main cluster (red color), “unclassified drug” is the most weighted term for the
first time. It also lists “metabolism”, “polyester”, “controlled study”, and “biosynthesis”.
In the second cluster (green) “bioplastic” is the main term, along with “reinforced plastic”,
biodegradability”, and “inj ction molding” found in this cluster. In the last cluster (blue
color), “chemistry”, “biotechnology” [116], and “biodegradation” are related to each other.
In the Thailand network map (Figure 26), three clusters are found, with a total of
26 keywords with five minimum occurre ces from 809 keywo ds. In the main clu ter (red
color), “poly(lactic acid)” [117] is the most weighted term for the fi st time. In addition,
“mechanical properties”, “blending”, or “biodegradable polymers” are included her .
In the second clust r (green color), “reinforced plastic” is the main t rm, together with
tensile strength”, “elongation at break”, “glass transition” [108], or mechanical terms.
In the last clu ter (blue color), “bioplastic”, “degradation [118], “pl stic”, or “polymer”
are included.
In the China network map (Figure 27), a total of 44 keywords with five minimum
occurrences from 1086 keywords are grouped in three clusters. In the main cluster (red
color), “bioplastic” and “reinforced plastic” are presented as the most weighted terms.
Again, “mechanical properties” or “tensile strength” are in the first cluster. In the second
cluster (green color), “metabolism” is the most weighted term, with high relatedness with
“chemistry”, “biosynthesis”, or “Escherichia coli”. In the last cluster (blue), “unclassified
drug” is found as the main term, related with “polyhydroxyalkanoate” or “bacterium”.
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5. Discussion
The first countries to investigate bioplastics were the United States, Spain, and Ger-
many, but Germany today is not in the top 10 ranking countries in this field. Developing
countries started to publish bioplastic documents around 2010 (Figure 5b).
Both the United States and Europe have specific strategies for bioeconomy, and more
countries are creating their own ones. Developing countries have also created policies to
work on bioeconomy. There is no worldwide act to develop bioplastics or bioeconomy.
Support for biofuels is much greater than it is for biobased plastics, but bioplastics have an
important role due to the potential to reduce petrol-based plastics.
The most investigated bi plastic is polyhydroxyalkanoate (PHA), a bacterial plastic.
The second in importance is poly(lactic acid) (PLA). A term with important weight in almost
all studied countries is reinforced plastic, since biobased plastics need reinforcements to
improve their mechanical performance. The research on the mechanical properties of the
newly developed plastics is also very important.
The first countries of the top 10 list have “bioplastic” as the main keyword, with
“mechanical properties” in the same cluster. However, depending on the country, keyword
relatedness is different. Italy has “reinforced plastic” as the main keyword, together
with “chemistry”. It is also the only country with “carbon dioxide” as an important
keyword. Indonesia has “starch” and “chitosan” as important keywords. Thailand has
“poly(lactic acid)” as the most weighted keyword, together with “mechanical properties”
and “reinforced plastic”. Germany has “unclassified drug” as main term in its main cluster.
In the China network, “unclassified drug” is also a very important term, and it is the
only country to have the bacteria “E. Coli” as a heavily weighted term, together with
“mechanical properties”. In Table 3, we have analyzed the 10 more important keywords,
compared with the occurrence per country:
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United States 1 2 21 6 3 13 5 16 4
Spain 1 2 7 18 4 25 24 6 10
India 1 2 7 17 3 8 12 – 19
Japan 1 2 32 29 34 – 3 – –
Indonesia 3 1 2 20 31 9 – 8 –
Italy 1 2 52 3 5 6 – 31 11
Germany 1 7 13 5 – 3 – 6
Thailand 1 2 5 17 10 8 – 4 25
China 1 2 4 29 6 25 3 11 31
Malaysia 1 2 4 – – 6 – 12 –
We find all the countries have “bioplastic” as the principal term except Indonesia,
which has “reinforced plastic”. Moreover, as second more important term, all countries
except Indonesia and Germany, have “reinforced plastic”. The rest of the terms vary
depending on the country, since the research focus is different for each. Not all the terms
are even present in all the countries. The keyword “metabolism” is only present in 6 of the
10 countries analyzed.
The main authors in this field are from Canadian universities, while Canada has pub-
lished 3.3% of the total documents. Only researchers from Spain, Italy, and the United States
are also found in the top 10 list. M. Misra from the University of Guelph, Canada, is the
author with more publications, together with a colleague from same university, Mr. A.K
Mohanty. They have published 5% of all bioplastic documents and work together in 85%
of their published documents. Spain has authors that have connections between different
universities (University of Huelva and University of Seville), and Mr. L.T. Drzal from
Michigan State has collaborated with University of Guelph.
When analyzing the countries connections worldwide, the United States is the most
weighted country, with strong links with rest of the countries. However, if instead of each
country, alone, we analyze the European Union together, its resulting weight is greater
than that of the United States.
Looking at the ratios studied, Spain has the highest one in documents per million
inhabitants (2.195). India is the country with more documents compared with GDP (11.48),
while Japan is the country with more researchers per million inhabitants (5194.8).
This study shows that research for bioplastic in each country started in different
timeframes (Figure 5b). This figure presents the number of occurrences of appearance
per year and per country according to the references obtained from the Scopus search.
The figure shows that most research carried out was after 2010. This study also shows an
interest in bioplastics and, more specifically, for bioeconomy as a route to industrialize
the ecology.
This study researched governments policies and the tendency of documents per year
published, as shown in Figure 5. China began bioplastic documents publication in 2006.
Looking at the different bioeconomic policies, it was after the Medium- to Long-Term Plan that
this field was researched intensively. The United States growth was in 2004, two years after
the BioPreferred program. This growth continued with The National Bioeconomy Blueprint
in 2012.
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Germany’s growth has two main dates: starts in 2010, four years after the first cluster
strategy, and it continued in 2016, five years after the National Research Strategy Bioeconomy
2030 publication. The country had a transition in 2015, with two documents published
between both policies.
Japanese Biomass Nippon Strategy started in 2002, but growth in documents started in
2011. We can link this increase to the first revision done in 2006. Japan has a certification
program for bioplastics, created by the Japan BioPlastics Association. Spain has several ini-
tiatives, but first one was the BIOPLAT, in 2007. Spanish growth started in 2011, four years
after this initiative. India created several initiatives, but it was just after the National Biotech-
nology Development Strategy (2015), that its growth started (2016). Malaysia increased the
published documents in 2012, two years after the National plan. However, it was in 2018
when Malaysia reached the maximum documents per year. Malaysia had already created
plans in 2005, but it was after the National plan when Malaysia increased the documents
to more than 10 per year. Italian strategy focuses on clusters, combination of public and
private initiatives. In 2012, the Ministry of Education, Universities, and Research launched
a call. Italian growth started after this. Indonesia growth started in 2017, two years after
the Grand Strategy of Agricultural Development. Thailand published the National Roadmap for
the Development of Bioplastics Industry in 2008, and it was five years after that first document
was published, in 2008. Growth started in 2013, with eight publications. In conclusion, it is
between two and five years after a government plan that it bears fruit.
6. Conclusions
This paper evaluates the global research trends in bioplastic publications from 1984
to 2019. The topic of bioplastics has been a field with extensive research during the last
20 years, but the publication output has increased exponentially since 2010. There is a grow-
ing interest in the research related to it, which corresponds to the urgent need for ecologic
development and life improvement and to the policies on the topic appearing worldwide.
The connection between countries and several ratios to find a connection between
these investigations, governmental policies, and economy shows that the country with
more documents published is Unites States of America, followed by Spain. It is also the
United States that was the first country to publish articles. According to the ratios studied,
the research on bioplastic has a big impact in Spain compared with other countries. Primar-
ily, University of Huelva and University of Seville are focused on bioplastics; these two
universities have links together.
The main authors in this field are from Canada, although this country is the 11th
in terms of number of publications. M. Misra and A.K. Mohanty published a 5% of all
published documents.
Based on the co-keyword network analysis, the main research areas that can be
found in the domain of bioplastics are (a) bioplastic characterization; (b) bacterial plastic;
(c) plastic biodegradation; (d) biomass fermentation; (e) biomaterial properties; and (f)
bioplastic production.
The keyword analysis on different countries shows a heterogeneous distribution.
The main term is “bioplastic” in all countries except Indonesia. The second keyword
with more weight is “reinforced plastics”. The first countries to start publishing have a
similar keyword distribution, as the main research areas pointed out above, while the last
countries to work on this topic, such as Malaysia or Thailand, focus on specific fields such
as “reinforced plastics”. Germany and China have “unclassified drug” as very weighted
word, which is different from the main research areas.
There is no global worldwide research; each country is doing research on its own
topics. Even though there is a European and a worldwide bioplastic association, there is
no global action at the research level. As analyzed, there are few policies dedicated to
bioplastics, which have a relative disadvantage compared to biofuels. The only policies
specifically for bioplastics applied commonly in different countries are those concerned
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with the use of biodegradable plastic bags. Japan and India are countries with specific
bioplastic policies.
This study also analyzes the connection between policies and publication years, lead-
ing to the conclusion that it takes between two and five years for a strategy implementation
to have an effect on the documents published.
There is a limitation to find specific bioplastic policies for different governments.
Based on that, a deeper content analysis is recommended for further research.
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